APPLICATION 
OF 

Jeffrey T. Cheung 
James A. Latty 

FOR 

UNITED STATES LETTERS PATENT 
ON 

AUTONOMOUS POWER SOURCE 
Docket No. 02RS07 0US8 
Assigned to: 
ROCKWELL SCIENTIFIC LICENSING, LLC 



1 



AUTONOMOUS POWER SOURCE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to the field of power sources, 
and particularly to power sources which convert motion into 
5 energy. 

Description of the Related Art 

Recently passed government legislation mandates that 
certain types of vehicles provide on-board, real time tire 

10 pressure monitoring - i.e., a system which monitors the air 
pressure in all vehicle tires.. This requires an electronics 
package to be mounted on or inside the tire or wheel, which 
is small enough so as to not cause any major weight 
imbalance. The package would include an air pressure sensor 

15 and a means of wirelessly transmitting sensor output data 
to the vehicle driver, or of storing the data for later 
retrieval . 

The electronics package must be powered, typically by 
a battery. Several approaches have been considered for the 

20 power source. In one approach, a conventional battery is 
mounted inside the tire, secured to the wheel with a metal 
band. The system operates until the battery reaches the end 
of its useful life, which is likely to happen before the 
tire needs replacing. As such, the battery must be 

25 replaced, which requires that the tire be removed from the 
wheel. This periodic battery replacement is costly. 

A second approach employs a rechargeable battery 
placed within the tire, which is charged via inductive 
coupling with a power source outside of the tire. For the 

30 coupling to be effective, the inductive power source must 
be mounted very close to the tire. This system also has 
several drawbacks. The close distance required between tire 
and charger may pose a safety concern. In addition, 
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substances such as mud or snow can accumulate on the tire 
or inductive power source and impede the performance of the 
charging system. 

Another approach has the electronics package wired to 
5 the tire valve, with the battery and/or electronics mounted 
on the tire's valve stem and monitoring the tire pressure 
via the valve. Unfortunately, this approach makes the 
external unit an easy target for theft. 

10 SUMMARY OF THE INVENTION 

An autonomous power source is presented which provides 
an output current by converting motion to energy, and is 
well-suited for use in a tire-pressure monitoring system. 

The present power source comprises a power harvester 

15 mounted on a movable structure such as a wheel. The power 
harvester includes a conductive coil, a magnet, and a low- 
friction ferrofluidic bearing in contact with the magnet. 
The magnet, coil, and bearing are arranged such that the 
magnet and coil move with respect to each other when the 

20 movable structure is in motion such that an electrical 
current is produced in the coil. This current may then be 
converted to power and stored in an energy storage system 
such as a rechargeable battery, which may in turn power 
electronic circuitry. For example, a tire pressure 

25 monitoring system might include an air pressure sensor and 
a wireless transmitter which is powered by a battery kept 
charged with the present power source. 

The power harvester preferably comprises a closed 
nonmagnetic tube, with the magnet and bearing enclosed 

30 within the tube such that the magnet is free to move within 
the tube. The coil is preferably wrapped around the 
exterior of the tube. Motion of the structure to which the 
harvester is mounted causes the magnet to move with respect 
to the coil, thereby producing an electrical current in the 

35 coil. The use of a ferrofluidic bearing gives the power 
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source a very high sensitivity to motion: the bearing 
reduces the friction experienced by the magnet to a very 
low level, such that even a small amount of random motion 
by the structure is converted to electrical power. 
5 The closed tube may be non-circular (preferably 

linear) or circular. In one embodiment of a "non-circular 
power harvester" , a linear tube having a coil wrapped 
around it contains one or more magnets and a ferrofluidic 
bearing, preferably between recoil end magnets positioned 

10 at either end; the magnets move with respect to the coil 
when the structure is in motion. For a circular power 
harvester, the closed tube is circular and encircles and 
rotates with the movable structure. One or more magnets and 
a ferrofluidic bearing are enclosed within the tube, such 

15 that the magnets move with respect to the coil wrapped 
around the outside of the tube when the structure is 
moving . 

Further features and advantages of the invention will 
be apparent to those skilled in the art from the following 
20 detailed description, taken together with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating the basic principles 
of the present autonomous power source. 

FIG. 2 is a diagram of a non-circular power harvester 
per the present invention. 

FIG. 3a is a plan view of one embodiment of a circular 
power harvester per the present invention. 

FIG. 3b is a cross-sectional view of the circular 
power harvester of FIG. 3a, cut along section lines 3b-3b. 

FIG. 3c is a cross-sectional view of the circular 
power harvester of FIG. 3a, cut along section lines 3c-3c. 

FIG. 4a is a diagram of one embodiment of a circular 
power harvester as might be used in a tire pressure 



25 



30 



35 



monitoring application . 

FIG. 4b is a diagram of another embodiment of a 
circular power harvester as might be used in a tire 
pressure monitoring application. 
5 FIG. 5 is a plan view of another embodiment of a 

circular power harvester per the present invention. 

FIG. 6 is a diagram of another embodiment of a 
circular power harvester per the present invention as might 
be used in a tire pressure monitoring system. 
10 FIG. 7 is a block diagram of an electronics package as 

might be used with the present autonomous power source. 

FIG. 8 is a diagram of a non-circular power harvester 
per the present invention as might be used in a tire 
pressure monitoring system. 
15 FIG. 9a is a diagram of an alternative coil 

arrangement for a non- circular power harvester. 

FIG. 9b is a diagram of an alternative coil 
arrangement for a circular power harvester. 

FIG. 10 is a diagram of another embodiment of a 
20 circular power harvester per the present invention as might 
be used in a tire pressure monitoring system. 

FIG. 11 is a flow chart of a power harvester assembly 
process per the present invention. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is an autonomous power source 
which converts motion into stored energy; as such, it is 
particularly well -suited for use as a self-contained power 
source on a moving vehicle. The basic principles of the 

30 invention are illustrated in FIG. 1. An autonomous power 
source 10 comprises a power harvester 11 mounted onto a 
movable structure 12 such that it moves with the structure. 
The power harvester includes at least one conductive coil 
14 (typically copper), at least one magnet 16, and a low- 

35 friction ferrofluidic bearing 18 in contact with the 
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magnet. In the embodiment shown in FIG. 1, magnet 16 and 
bearing 18 are enclosed within a nonmagnetic closed tube 
20, and coil 14 wraps around the exterior of the tube such 
that magnet 16 moves with respect to coil 14 as it moves 
5 within tube 20. A ferrofluid introduced into tube 20 is 
naturally attracted to the poles of magnet 16 to form beads 
18 around the end poles of the magnet. This provides an 
ultra low friction lubricant that allows magnet 16 to 
freely move within tube 20, which provides a supporting 

10 structure for the, magnet. 

The coil, magnet and bearing are arranged such that 
the magnet and coil move with respect to each other when 
structure 12 is in motion, thereby producing an electrical 
current in coil 14. In the embodiment shown, magnet 16 

15 moves back and forth with respect to fixed coil 14 to 
produce a current I in the coil. Current I can be used to 
power a load directly; however, in most applications, the 
energy produced by the power harvester is stored in an 
energy storage system 22 such as a rechargeable battery. 

20 Interface circuitry (not shown) , such as a rectifier 
circuit, may be used to process current I before it is 
stored . 

The use of a low-friction ferrofluidic bearing 
increases the power source's sensitivity to motion to a 

25 practical level. With this increased sensitivity, virtually 
any type of motion - e.g., rotary motion, random motion, 
motion due to vibration - causes the magnet and coil to 
move with respect to each other such that current is 
generated. The present power source can be mounted on, for 

30 example, the wheel of a vehicle, and when properly 
arranged, generate energy sufficient to charge a battery 
which powers electronic circuitry. Another possible 
application of the present power source might be on an 
ocean buoy, which could use a power harvester as described 

35 herein to convert the motion of the buoy to an electrical 
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current capable of powering electronic circuitry mounted on 
the buoy. 

One preferred implementation of power harvester 11 is 
shown in FIG. 2, which is referred to as a non-circular 
5 power harvester. A closed nonmagnetic non-circular tube 
30, preferably a linear tube, contains a plurality of 
magnets 32, 34, 36 and a ferrofluidic bearing (beads 38) r 
and a conductive coil 4 0 wraps around the exterior of the 
tube such that magnets 32, 34 and 36 move with respect to 

10 coil 40 as they move within tube 30. Using multiple magnets 
in this way acts to increase the current I produced in coil 
40. As before, the energy produced by the power harvester 
may be stored in an energy storage system 22 such as a 
rechargeable battery . 

15 The preferred non-circular harvester preferably 

includes recoil end magnets 42, 44 at either end of the 
tube. The end magnets are oriented such that their 
polarities are the same as those of the sliding magnets to 
which they are adjacent. For example, in FIG. 2, end magnet 

20 42 is oriented to present a positive polarity to the 
positive end of adjacent magnet 32. Similarly, end magnet 
44 is oriented to present a negative polarity to the 
negative end of adjacent magnet 36. In this way, the end 
magnets act to repel their adjacent magnets when the 

25 sliding magnets come into close proximity to the end 
magnets, further increasing the sliding magnets' motion and 
increasing output current . 

When multiple sliding magnets are contained within 
non-circular tube 30, they are preferably arranged such 

30 that each magnet is separated from its adjacent magnets by 
a gap maintained by magnetic repulsion. This is done by 
orienting the sliding magnets such that like polarities are 
adjacent to each other (as shown in FIG. 2). This 
arrangement helps to space the sliding magnets 

35 approximately equally along the length of the non-circular 



tube 30. The multiple magnets also act to make the system 
chaotic, such that even a small amount of random motion 
results in some motion by at least one of the sliding 
magnets - and thus some output current. Additional details 
concerning the use of multiple magnets in a non-circular 
power harvester can be found in co-pending patent 
application 10/078 , 176 , entitled "Multiple Magnet 
Transducer with Differential Magnetic Strengths", and in 
co-pending patent application 10/077,945, entitled 
"Multiple Magnet Transducer", both of which are assigned to 
the assignee of the present invention. The contents of 
these copending applications are hereby incorporated herein 
by reference. 

Another preferred implementation of power harvester 11 
is shown in FIGs . 3a-3c, which is referred to as a circular 
power harvester 49. A plan view is shown in FIG. 3a, a 
cross-sectional view along section lines 3b-3b is shown in 
FIG. 3b, and a cross- sectional view along section lines 3c- 
3c is shown in FIG. 3c. The harvester comprises a 
nonmagnetic circular tube 50 which has a rectangular cross- 
section, with a smoothtop and bottom inner surfaces 51 and 
52, respectively. The tube contains at least one 
cylindrical or nearly-cylindrical magnet; three such 
magnets 53, 54, 55 are shown in FIGs. 3a and 3b. The 
magnets are placed with their magnetic axes (indicated with 
arrows) perpendicular to the plane of tube 50, with 
opposite magnetic polar orientation between adjacent 
magnets. Each magnet is preferably made from two identical 
magnets 56, 57 (shown in FIG. 3c) stacked on either side of 
a spacer 58, with both magnets having the same magnetic 
orientation. Spacer 58 can be made from magnetic material, 
such as soft iron, or from non-magnetic material such as 
aluminum. The height of each magnet stack is slightly less 
than the distance between top surface 51 and bottom surface 
52. Tube 50 preferably includes a top rail 59 (shown in 
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FIG. 3c) that extends from top surface 51, and a bottom 
rail 60 that extends from bottom surface 52. Rails 59 and 
60 serve to confine the magnets' motion to the center of 
tube 50, as well as to provide finite air gaps 61 between 
5 the magnets' side walls and the side walls 62 of tube 50. 

A small amount of ferrofluid is applied to the magnet 
stacks. The ferrofluid engulfs the region with the 
strongest magnetic field - the north and south poles for 
the cylindrical or nearly-cylindrical magnets in FIG. 3 - 

10 to form a liquid cushion 63 upon which the magnet stacks 
can slide with a negligible amount of friction. 

Conductive coils 64, preferably in pairs, are affixed 
to the top and/or bottom outer surfaces of tube 50, with 
their center axes along the direction of the magnetic axes 

15 but orthogonal to the direction of magnet movement. The 
interior 65 of each coil is preferably filled with 
ferrofluid or some other "soft" magnetic material with a 
low remnant magnetization and coercive energy. Conductive 
coils 64 should be spaced evenly around tube 50. When 

20 multiple magnet stacks are linked via a spacer (as in FIGs. 
3a and 3b) , there are preferably corresponding groups of 
coils 64 which have the same angular spacing between 
adjacent coils within the same group as is present between 
the linked magnet stacks. This ensures that the outputs of 

25 all coils in the same group are in phase electrically, 
which makes the power extraction and conditioning circuits 
simpler and more cost effective. The circular power 
harvester's power output increases with the number of coils 
used, and with the speed of rotation. 

30 In operation, circular tube 50 is mounted to a 

rotatable structure such as the wheel of a vehicle, such 
that it encircles and rotates with the structure. As the 
structure rotates, the magnet stacks (53,54,55) will remain 
stationary (relative to the tube) or move at a very low 

35 velocity, due to the negligible friction provided by 



f errof luid cushion 63 . As coils 64 rotate past the magnet 
stacks, the magnetic flux 66 is directed outward along the 
highly permeable path of ferrofluid cushion 63 and the 
magnetic materials contained within the coils. This causes 
a current to be produced in coils 64, which can be used to 
power a load directly, or can be converted to power and 
stored in an energy storage system such as a rechargeable 
battery. 

Though only one magnet stack (53,54,55) may be 
employed, more than one stack is preferred. The voltage 
produced across the coil (s) as it cuts through the magnetic 
field is proportional to dB/dt . Therefore, multiple magnet 
stacks - with the polarity of adjacent stacks being 
opposite to each other - produces a greater voltage as the 
magnetic field switches suddenly from positive to negative 
from one stack to the next. A single stack does not have 
this effect. Using three stacks as shown in FIGs . 3a and 3b 
provides simplicity as well as good performance. 

As noted above, the shape of the magnets is 
cylindrical or nearly-cylindrical. The shape may need to be 
a "twisted" toroidal cylinder, depending on the clearance 
and radius of curvature of the channel in which the magnets 
move . 

The circular power harvester 4 9 is suitably mounted, 
for example, on the inside of a tire casing 67 on the body 
of a wheel 68; this is illustrated in FIG. 4a. 
Alternatively, the harvester might be integrated into the 
body of a wheel 69 as shown in FIG. 4b. The latter approach 
may be advantageous for wheels made of non-ferrous alloys, 
since no extensive magnetic shielding would be required. 
Other advantages of the integrated approach include 
preventing theft, reduced damage from exposure to the 
environment, and avoiding interference with mounting and 
removing tires. 

An alternative embodiment of a circular power 
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harvester 7 0 in accordance with the present invention is 
shown in FIG. 5. Here, the magnet stacks 71 are similar to 
those described in connection with FIGs. 3a and 3b, except 
that the stacks are placed such that their magnetic axes 
5 point toward the radial direction of the circular tube 72. 
If multiple stacks are employed, they are preferably linked 
by a spacer 73, which preferably is curved such that it has 
a curvature equal to the average curvature of the tube's 
inside and outside diameters. Here, conductive coils 74, 

10 preferably filled with ferrofluid or some other soft 
magnetic material, are affixed to the inside and output 
diameters of circular tube 72. Ferrofluid is applied to the 
magnet stacks, which engulfs the stacks' north and south 
poles to form a liquid cushion 75 upon which the stacks can 

15 slide with a negligible amount of friction. 

Operation is similar to the harvester of FIG. 3a-3c: 
circular tube 72 is mounted to a rotatable structure such 
that it encircles and rotates with the structure. As the 
structure rotates, magnet stacks 71 remain stationary or 

20 nearly stationary (relative to the tube) due to the force 
of gravity and ferrofluid cushion 75. As coils 74 rotate 
past the magnet stacks, magnetic flux 76 is directed 
outward along the highly permeable path of ferrofluid 
cushion 75 and the magnetic materials contained within the 

25 coils, causing a current to be produced in coils 74. 

As with the harvester of FIGs. 3a-3c, groups of coils 
74 preferably have the same angular spacing between 
adjacent coils within the same group as is present between 
the linked magnet stacks, to ensure that the outputs of all 

30 coils within the group are in phase electrically. 

The embodiment shown in FIG. 5 has an advantage over 
that in FIGs. 3a-3c, in that its ferrofluidic cushion tends 
to be thicker, due to the contacting area between magnet 
and tube being larger in FIG. 5 than in FIGs. 3a- 3c. As 

35 the circular tube rotates, it exerts a centrifugal force on 



11 

the magnets and compresses the ferrofluid cushion. A 
thicker cushion is advantageous since it can take more 
centrifugal force without being squashed completely, and 
thus retains its low friction characteristics even at high 
5 rotational speed. 

To enable a highly sensitive response of the magnets 
to motion, ferrofluid bearings are employed as an interface 
between the magnets and their support structure. 
Ferrofluids are dispersions of finely divided magnetic or 

10 magnetizable particles, generally ranging between about 30 
and 150 Angstroms in size, and dispersed in a liquid 
carrier. The magnetic particles are typically covered with 
surfactants or a dispersing agent. The surfactants assure 
a permanent distance between the magnetic particles to 

15 overcome the forces of attraction caused by Van der Waal 
forces and magnetic interaction, and also provide a 
chemical composition on the outer layer of the covered 
particles which is compatible with the liquid carrier and 
the chemicals in the surrounding environment. Ferrites and 

20 ferric oxides employed as magnetic particles offer a number 
of physical and chemical properties to the ferrofluid, 
including saturation magnetization, viscosity, magnetic 
stability, and chemical stability. Several types of 
ferrofluids are provided by Ferrotec (USA) Corporation of 

25 Nashua, New Hampshire. A summary of patents related to the 
preparation of ferrofluids is provided in U.S. Patent No. 
6,056,889. Additional details concerning the use of 
ferrofluid bearings in a moving magnet electrical generator 
as described herein can be found, for example, in copending 

30 patent application 10/078,724, entitled "Electrical 
Generator With Ferrofluid Bearings" , assigned to Innovative 
Technology Licensing, LLC, the assignee of the present 
invention. The contents of this copending application are 
hereby incorporated herein by reference. 

35 The characteristics of the ferrofluid and the sliding 
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magnets are related. If the magnets have a relatively low 
magnetic field, a ferrofluid of relatively high 
magnetization should be used. Each magnet's magnetic field 
will typically range from about 500-4,000 Gauss, and the 
5 magnetization of the ferrofluid from about 50-4 00 Gauss. A 
preferred ferrofluid composition for the present invention 
has a viscosity substantially less than 5 cp, actually less 
than 2 cp, and achieves an ultra low coefficient of static 
friction in the range of 0.0008-0.0012. The composition 

10 comprises a mixture of one part Ferrotec (USA) Corporation 
EFH1 light mineral oil ferrofluid, mixed with from two to 
four parts of isoparaf f inic acid, stirred for 24 hours. 
Suitable sources of isoparaf f inic acid are Isopar 6 and 
Isopar M hydrocarbon fluids from Exxon Mobil Chemical Corp. 

15 Undiluted EFH1 ferrofluid could also be used. Undiluted 
EFH1 composition has a greater weight bearing capacity than 
the diluted version, but diluting the composition will 
retain sufficient weight bearing capability for most 
applications. Other ferrofluids with static friction 

20 coefficients up to about 0.02 could also be used, such as 
Ferrotec (USA) Corporation type EMG 805, a water based 
ferrofluid with a static friction coefficient of about 0.01 
and a viscosity of about 5 cp, since the power output 
achievable with a 0.01 static friction coefficient is still 

25 about 75% that achievable with a near- zero friction system. 

The tubes shown in FIGs . 1-5 are preferably 
hermetically sealed, to avoid the vaporization of any of 
the ferrofluid within. 

The present autonomous power source is suitably 

30 employed in a tire pressure monitoring system. An example 
of such a system in shown in FIGs. 6 and 7. In FIG. 6, a 
tire casing 77 is mounted on a vehicle wheel 78. A circular 
power harvester 79 (shown here in simplified form) 
encircles and rotates with wheel 78, with one or more 

35 magnets 80 and a ferrofluidic bearing 81 enclosed within. 
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An electronics package 82 is also mounted within tire 
casing 77; a block diagram of one possible embodiment of 
the electronics package is shown in FIG. 7. Current 
produced in the coil of circular power harvester 79 is 
5 processed by, for example, a rectifier circuit 83, and 
stored in an energy storage system such as a rechargeable 
battery 84 . One or more sensors provide outputs which vary 
with respective tire parameters such as air pressure, 
temperature, etc. If necessary, these outputs are processed 
10 by an interface circuit 85, and are provided to a data 
storage and/or wireless transmitter circuit 86. Interface 
circuit 85 and transmitter 86 are powered by energy storage 
system 84 . 

In operation, energy storage system 84 is kept charged 

15 by the output of power harvester 79, which provides output 
current whenever wheel 78 is moving. The output current is 
converted to power and stored in energy storage system 84 
so that electronics package 82 may function when the 
vehicle is at rest. The sensor data may be continually 

20 transmitted to a remote receiver, or simply stored for 
later readout. This latter method might be used to reduce 
the power consumption of the monitoring system. Transmitter 
86 might also be a transceiver arranged to, for example, 
provide sensor output data when queried from an external 

25 readout device . 

Note that it is not essential that energy storage 
system 84 be a rechargeable battery. Other energy storage 
devices and circuits, such as one or more capacitors, might 
also be employed. 

30 One possible system, arranged as a tire pressure 

monitoring system, employs an absolute pressure sensor 
within the tire, the output of which is stored or 
transmitted to a remote receiver as described above. Then, 
an atmospheric pressure sensor is employed at the receiver, 

35 along with circuitry which receives the absolute and 
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atmospheric pressure signals and computes the gage 
pressure. 

The sensor or sensors are preferably integrated with 
the interface and data storage/transmitter electronics. For 
5 example,, a micro-electromechanical (MEM) pressure sensor 
could be integrated with an interface circuit and a 
wireless transmitter on a common substrate. 

Note that the system shown in FIGs . 6 and 7 might 
alternatively be adapted for use as an accelerometer . The 

10 current produced by circular harvester 79 will oscillate at 
a period which varies with the distance between coil turns 
and the velocity of the wheel's rotation. Thus, the 
harvester's output current could be processed to determine 
vehicle speed and acceleration. The number of oscillations 

15 per unit time could be tracked with a counter register 
which might be part of the wireless transmitter circuitry 
described above. The remote receiver might include a 
microprocessor which receives the oscillation count and 
computes instantaneous wheel speed and distance traveled. 

20 Alternatively, to save power, the oscillation count 

could be stored and periodically broadcast to the remote 
receiver, enabling the computation of average wheel speed. 
Yet another power- saving alternative would be to transmit 
oscillation count or computed wheel speed only when a 

25 deviation of, say, greater than +/-2% is detected between 
the current wheel speed and a comparative value determined 
from historical information, comparisons with signals from 
other wheels, or input from other drivetrain signals as 
might be produced by, for example, an ant i- lock brake 

30 system. 

A system which employs an autonomous power source as 
described herein might include more than one power 
harvester. For example, a number of circular power 
harvesters 7 9 could be mounted around wheel 78 to increase 
35 the amount of current generated by the wheel's motion. 
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A tire pressure monitoring system might also use a 
non- circular power harvester; such an arrangement is shown 
in FIG. 8. Here, tire 77 is mounted on wheel 78, which also 
supports a non-circular power harvester 90 in accordance 
5 with the present invention and which rotates with the 
wheel. Power harvester 90 is preferably housed within an 
enclosure 92 that also includes an electronics package such 
as package 82. As noted above, the system might include 
more than one non- circular power harvester to increase the 

10 amount of current generated by the wheel's motion. 

The power harvesters' coils can be implemented in a 
number of different ways. For example, the coils might be 
implemented as shown in FIGs. 9a and 9b, in which groups of 
turns 100, 102 are spaced periodically along a tube 104, 

15 106 (magnets and ferrofluidic bearings not shown) . The 
separate groups might be connected together in series to 
form one continuous coil, or could be connected together in 
parallel. This periodically-spaced implementation might be 
preferred when the system is used as an accelerometer , due 

20 to the more clearly periodic nature of the resulting 
output . 

The sliding magnets and tubes described herein 
preferably have generally circular cross- sections . The 
dimensions of the components are preferably selected to 

25 leave a gap between the ferrofluid beads and the interior 
tube walls, thereby preventing an air buildup on one side 
of the sliding magnet and a partial vacuum on the other 
side that could otherwise develop and retard the magnet 1 s 
movement. Alternatively, the magnet could be perforated to 

30 allow an air flow between its opposite sides if it is 
desired that (together with the ferrofluid bearings) it 
occupy the full cross -sectional inner area of the tube. 

Another possible implementation for an autonomous 
power source in accordance with the present invention is 

35 .shown in FIG. 10. Here, one or more moving coil assemblies 
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110, each including one or more conductive coils, are 
placed within nonmagnetic tube 112, and one or more magnets 
114 are mounted to a rotatable structure such as a wheel 
115. Tube 112 is affixed to the outside of the wheel, 
5 within, for example, a tire casing 116. A low-friction 
ferrofluidic bearing 117 is between coil assembly 110 and 
the walls of tube 112, to reduce the friction of the 
sliding moving coil assembly. Magnets 114 are located in 
close proximity to tube 112, such that the motion of the 

10 structure to which tube 112 is mounted causes magnets 114 
to move with respect to coil assembly 110 such that an 
electrical current is produced in the conductive coils. 
Note that, though only one moving coil assembly 110 is 
depicted in FIG. 10, assembly 110 might also comprise 

15 multiple interconnected moving coil "modules" - each of 
which includes one or more conductive coils - to increase 
the current generated by the harvester. 

Moving coil assembly 110 preferably includes several 
components. One or more conductive coils 118 are contained 

20 within the assembly, as is an electronic package 119 that 
includes, for example, interface circuitry such as a 
rectifier, an energy storage device such as a battery, and 
a data storage device and/or wireless transmitter. With the 
electronic circuitry enclosed within tube 112 along with 

25 coils 118, no connections to the outside of the tube are 
required. Electronic package 119 may also include a sensor 
or sensors 120, which provide data that is stored or 
transmitted out of tube 112. 

For example, the system shown in FIG. 10 could be 

30 arranged as a tire pressure monitoring system. Here, sensor 
12 0 is preferably an absolute pressure sensor, the output 
of which is wirelessly transmitted out of tube 112 via the 
transmitter portion of electronic package 119. A wireless 
receiver 121 external to tube 112 receives the transmitted 

35 data via an RF link. A processor 122 receives the absolute 
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pressure data, as well as the output of an atmospheric 
pressure sensor 123. This enables the gage pressure to be 
determined in order to compensate for changes in altitude 
and atmospheric pressure. The gage pressure may be 
5 provided, for example, to a display 124, which may include 
an alarm arranged to be triggered by pressure readings that 
are changing, or are too low or too high. 

A power harvester having multiple magnets enclosed 
within a closed tube as described herein is suitably 

10 assembled in accordance with the procedure shown in FIG. 
11. A template is prepared (126), which has magnets affixed 
in positions that mirror the positions in which harvester 
magnets are desired, with the template magnets oriented 
such that their polarities are opposite to those of the 

15 harvester magnets they mirror. The template is placed below 
the harvester's closed tube (127). The harvester's magnets 
are inserted into the tube (128) , and ferrofluid is 
introduced into the tube (12 9) . The harvester magnets are 
made to move within the tube (13 0) , which causes the 

20 ferrofluid to attach to the magnets and form the required 
bearing, and aligns the harvester magnets over their 
respective template magnets. 

While particular embodiments of the invention have 
been shown and described, numerous variations and alternate 

25. embodiments will occur to those skilled in the art. 
Accordingly, it is intended that the invention be limited 
only in terms of the appended claims. 



